The objective of the study was to analyze the relationship between patient characteristics and the health-related quality of life (HRQoL) among patients with hepatitis C at the start of treatment, 2-12 weeks of treatment and ≥3 months post treatment using Short-Form 36 (SF-36). The eight domains and two composite scores of SF-36 were analyzed using 236 individuals. Compared to US general population norms, on average, the physical health scores were significantly lower for the studied hepatitis C population, while the differences related to mental health were between zero and small. For a physical health composite score, the treatment effect was between medium and large (0.70, 0.66, and 0.64 at the baseline and follow-ups), and for a mental health composite score it was close to zero. After controlling for demographic factors, the mixed-effects models demonstrated that HRQoL significantly improved only for general health during the treatment and vitality during post treatment. The strongest predictor of HRQoL at the two follow-up periods was HRQoL at baseline of the same domain. The ordinal logistic regressions showed that at the baseline, the strongest negative predictors of HRQoL in most of the domains were hypertension, diabetes, high BMI, high number of comorbidities including pulmonary comorbidities, low hemoglobin, and public health insurance. Considering that the improvement in HRQoL sustained after treatment only for a mental (vitality) domain, the main determinants of quality of life of the patients with hepatitis C were comorbidities.
Introduction
There have been many studies that had reported increased incidence of comorbidities for HCV patients. It has been shown that they were more likely to have hepatic steatosis and comorbidities related to metabolic syndrome including diabetes and atherosclerosis 1 . A cross-sectional study of surveys from a national database, National Health and Nutrition Examination Survey (NHANES III), demonstrated that patients with hepatitis C and older than 40 are three times more likely to have type 2 diabetes than those without HCV infection 2 . There are many other studies supporting an increased incidence of diabetes type 2 for HCV patients 3, 4 , and it has been suggested that the sustained virological response may reduce the risk for several comorbidities including type 2 diabetes 5 , renal and cardiovascular complications 6, 7 . There have been many previous reports on quality of life of patients with chronic hepatitis C infection [8] [9] [10] [11] . Most of these studies had compared patient-reported outcomes (health-related quality of life (HRQoL) on quality of life at the baseline and follow-ups 12 or quality of life of HCV patients with general population 13 or quality of life between subpopulations or treatment regimens 14 . There are only very few studies evaluating the strength of the association of HRQoLs with the patient characteristics and baseline comorbidities 14 . Previous studies had demonstrated that most of the sum scores of SF-36 have non-normal distribution (e.g., betabinomial or unknown distribution) [15] [16] [17] . The HRQoLs questionnaires consist of multiple items used to derive sum scores. However, sum scores are discrete and have only very few levels of outcome. For this reason, application of parametric techniques such as t-tests or linear regressions even for studies with a large sample size might be problematic 15, 17 . Perhaps this could be an explanation for the paucity of such studies. We believe that the results of quality of life studies might be difficult to interpret if they were based on parametric statistical techniques, which may not be recommended to evaluate the strength of the association of HRQoLs and patient characteristics 15 . The analysis becomes even more complex when the association of patient characteristics differs between different components of physical and mental health domains. Also, there are conflicting results related to differences in HRQoL between the hepatitis C population and the average population norms. While some studies showed that the hepatitis C population has a higher difference from the average population in physical health, the others showed a higher difference in mental health 13, 14 . The reported literature on this topic is highly variable in their statistical analysis and this complicates comparisons of the results across the studies. Most of the studies did not use a standardized measure of the difference in HRQoL from a baseline or from an average population. Several studies reported a difference in absolute score or a normalized score using different normalization techniques or in % from a normalized score. These reporting differences limit the interpretation of the size of the effect in terms of clinical significance (i.e., statistical significance vs. clinically meaningful difference). Although it might be easy to get a low p-value for minor differences with a large sample size study, these differences may not be clinically meaningful. It is important to note that many previous studies on the quality of life using large datasets have not provided interpretation in terms of clinical significance. In this study, we described our results in terms of a relative difference (i.e., a so-called "effect size") by categorizing it as small, medium or large, and hopefully this will help better clinical interpretation of our results.
Our study was motivated by these current issues and discrepancies in analysis and reporting the results in HRQoL. The objective of our study was to determine whether HRQoL of hepatitis C population is significantly different from the US population norms in both physical and mental components using SF-36. We also wanted to examine the relationship of comorbidities and HRQoL, and wanted to assess whether HRQoL improved, compared to baseline, and after hepatitis C cure. We hypothesized that hepatitis C population has significantly lower scores in both physical and mental health dimensions, and that hepatitis C cure improve both dimensions of the HRQoL.
Methods and statistical analysis

Patients
We assessed the mental and physical health status of patients undergoing hepatitis C treatment using the SF-36 questionnaires at baseline, during 2-12 weeks of treatment and ≥3 months post treatment. The data were collected from patients attending the HCV Clinic at the Mercy Medical Center in Baltimore over the period of 2014-2017 after getting the Institutional Review Board approval. During this period, 236 patients participated in the survey. Majority of the patients received sofosbuvir/ ledipasvir (157, 67%) or sofosbuvir/simeprevir (41, 17%) combination. The demographic and other baseline characteristics of the patients are shown in Table 1 . The SF-36 questionnaires that included 36 questions evaluating mental and health status were administered at baseline, 2-12 weeks of treatment and ≥3 months post treatment (i.e., ≥3 months after the treatment has stopped). The questionnaire was completed by 236 patients at baseline, 219 during the treatment phase and 149 at ≥3 months post treatment. For the period of 2-12 weeks of treatment, the median time since the start of the treatment was 44 days (with 25th and 75th percentiles being at 35 and 54 days). For the period of ≥3 months post treatment, the median time since the end of the treatment was 185 days (25th and 75th percentiles being at 108 and 236 days). The questionnaire was completed by 236 patients at baseline, 219 during the treatment phase and 149 at ≥3 months post treatment. Only three patients did not achieve a sustained viral response at the end of treatment.
The survey questions were used to construct eight domains of SF-36 and two summary scores reflecting mental and physical health using a standard procedure 18 .
The missing values were imputed if <50% of missing values were within a domain. After that the responses were transformed to a 0 to 100 scale. The Physical Health Component Score (PCS) and the Mental Health Component Score (MCS) were derived from the eight domains by standardizing using the mean and a standard deviation of the US population norm. Then, PCS and MCS were calculated as the weighted sum of standardized scores. The mixed-effects models were used to test if there were differences in HRQoL before, during and after the treatment for eight domains and composite scores. This is a robust tool to model the data with missing values. A compound symmetry variance-covariance structure was the best fit to our data as the correlation was similar between the three-time periods within a subject. Multiple comparisons were done by estimating the least-squared means and using Tukey-Kramer adjustment for confidence intervals.
The ordinal logistic regressions were used to study the associations between the outcome at baseline and patients' characteristics. This method was chosen because the outcome was measured on an ordinal scale, and the scores have bounded or skewed distributions. The tests which assumed normality and constant variances (e.g., ttest, linear regression) are not recommended for these sum score measures based on our judgment [15] [16] [17] . Most of the models were proportional odds models as the proportional odds assumption was not violated for most of the regressions; if this assumption was not met, a nonproportional odds model was used. The following covariates were tested for significance: age, gender, ethnicity, insurance, treatment status (naive vs. non-responder), hepatitis C genotype, hypertension, diabetes, number of comorbidities including pulmonary, renal and cardiac, body mass index (BMI), and hemoglobin.
For this analysis of ordinal logistic regressions, the data were split into ordered categories (using percentiles) based upon their underlying distribution. Most of the domain and summary scores were split into five 20% groups. For two domains of social function and role physical the data were split by 25%, and for role emotional by 33%. Thus, the ordinal logistic regression modeled a cumulative probability over the groups ordered from high scores to low. The t-tests were used to compare the differences between the US population norms and the mean of the studied hepatitis C population.
For interpretation of the results in this study, we used both absolute differences and also standardized (relative) differences in outcome. We interchangeably refer to the standardized (relative) and also absolute differences further in the text as to an effect size. According to Page 19 , "The effect size is one of the most important indicators of clinical significance. It reflects the magnitude of the difference in outcomes between groups; a greater effect size indicates a larger difference between experimental and control groups." He also suggested that in clinical studies, a format for reporting should include not only absolute differences but also a relative difference (expressed in %) and also an effect size. We agree with him, particularly because many SF-36 studies reported normalized differences that do not give insights into clinical significance, and thus are incomparable across the studies.
There are different cutoff levels to quantify the differences in outcome (or an effect size) in the literature. First, for an absolute difference, using SF-36 surveys, a small effect size (or small clinical difference) is considered to be about 4-10 points, medium effect size is the difference between 10 and 17 and a large effect size is the difference of 17 and above 20, 21 . Secondly, the relative (standardized 23 . Thus, we further associate a small effect size with a small clinical significance, and a large effect size with a large clinical significance.
Results
The mixed-effects models were used to compare the difference from the baseline in eight domains and two composite scores. At 2-12 weeks of treatment, all domains related to physical health and mental health improved except for the role physical and role emotional domains but most of the dimensions were not significantly different from the baseline (Fig. 1) . The highest significant difference from the baseline was observed for a general health domain (2.9, p = 0.01). At ≥3 months post treatment, the highest difference from the baseline was for a vitality domain (3.6, p = 0.03). Our highest achieved differences are of a small size as they are below a 4-pointdifference 20 . These results were not affected by nonresponders to a therapy as there were only three nonresponders. Also removing these patients from the analysis did not change our findings.
The ordinal logistic regressions demonstrated that the score at the baseline was the strongest predictor of the outcome at the two follow-up periods. Thus, including the baseline as a covariate in an ordinal logistic regression with a score at a follow-up period as an outcome resulted in a loss of significance of the other covariates for most of the regressions while the baseline covariate stayed significant. For this reason, and because most of the scores were not significantly different from the baseline, we provided results of the relationship between an outcome at baseline and the clinical predictors as covariates ( Table 2 ). The strongest negative predictors of HRQoL in most of the domains were presence of hypertension, high BMI, high number of comorbidities and pulmonary comorbidity, low hemoglobin, and public health insurance. Only one domain, a general health was significantly related to a type 2 diabetes.
For interpretation of the results, we focused on the physical health composite score (PCS) as this is a summarized measure of the other physical health domains, and it is often used to compare across studies and populations. The presence of hypertension decreases the odds of increasing the PCS score by two deciles by a factor of 0.53. It means that for example for subjects with a PCS score in a group between 60th to 80th percentiles, hypertension decreases the odds of increasing the PCS score up to the next level (i.e., the level of 80-100 percentile, which is the highest level) by a factor of 0.53. An individual having a private insurance vs. Medicare has 4.77 times increase in the odds of increasing the PCS score by two deciles, while Medicaid has 1.76 times increase in the odds of increasing the PCS score by two deciles. We used two deciles for the interpretation because the data were split by 20% for this analysis (see Methods and Statistical Analysis section).
Comparing to a US general population, for all physical health domains and a composite score, the average scores were significantly lower for the studied hepatitis C population at p < 0.05 using t-tests. The size of the standardized mean differences was between the medium (i.e., with a relative difference of ≥0.5) and large (i.e., with a relative difference of 0.8 and above) according to Cohen 22 and Sawilowsky 23 ( Table 3 , see also Fig. 2 ). The differences between the US general population norms and the studied population were smaller for mental health compared to physical health dimensions. The size of the standardized mean difference was between very low and medium (Table 3) . Although the scores improved at ≥3 months post treatment for the vitality and social functioning domains, they were yet significantly lower compared to US general population. For the role emotional domain, the standardized mean differences from the US population were small and significant at baseline, but at ≥3 months post treatment, the differences were smaller and insignificant (0.14). The differences from the US general population norm were insignificant for the mental health domain and a mental health composite summary score at all three periods and were close to zero.
Discussion
In this study, we have demonstrated that HCV patients have considerably lower physical health and a comparable mental health with the US general population. These findings are more likely to be related to increased comorbidities seen in HCV population [3] [4] [5] [6] [7] . The differences between the studied hepatitis C population and the US population norm in physical health were between medium and large. The differences, however, were between zero and small for the mental health domain.
Our findings contribute to a pool of diverse findings about differences in hepatitis C population when compared to population averages. In contrast to our study, a small study 13 had previously shown lower differences in physical functioning domains (except for general health) than mental health domain between HCV population and Australian population averages. A study that analyzed 3425 subjects from clinical trials reported that HCV population had similar physical and mental summary health scores (50-51) to the general US population norms 15 . Another study, similarly to our results, showed that most of the physical health domains were significantly lower for hepatitis C group relative to the matched controls for both before and after diagnosis 10 . In our study, during the follow-up, the largest and significant improvements were observed for a general health and vitality domain with a size of 2.9 (at 2-12 weeks of treatment) and 3.6 points at 3-month post treatment, which corresponds to a small size of the standardized difference (0.19 and 0.20, respectively) 22, 23 . Our results are consistent with a study of three randomized clinical trials reported by Bernstein et al 12 . who demonstrated that the highest change from the baseline was for a vitality domain among virologic responders. The same findings were reported for the other clinical trials that included subjects who achieved cure with hepatitis C treatment 14 . For composite summary scores PCS and MCS, the changes between the baseline and a post treatment period were very small. After controlling for demographic factors, the absolute changes from the baseline at ≥3 months post treatment were 0.65 for a physical health summary score PCS and 0.25 for a mental health summary score MCS. These effects are very small (and equivalent to a 0.09 and 0.032 of a standardized difference, respectively, i.e., of a very small size). Alternatively, we can also provide Table 3 The standardized mean differences between the study population and the US general population norms The mental domains and composite scores are shown in bold. The negative differences indicate a lower score for the study population compared to the US general population a difference from the baseline expressed in % as suggested by Page 19 . It will give us an estimate of 1.5% change from a baseline for PCS (from 42.8 to 43.45) and 0.05% for MCS (from 49.68 to 49.94), demonstrating again that the treatment effect was very small. However, comparisons across the studies, and interpretation of different studies in terms of clinical importance, might be problematic as different studies reported results using diverse scales (original or normalized in different ways). Also, a minimal clinically important difference remains unknown for many studies of SF-36, and only several studies reported it as a difference of a size of 5 to 10 on an original scale 21 . Thus, using a standardized difference might assist in interpretation of the findings and facilitate comparisons across the studies.
In comparison to the other studies, interferon-based clinical trials, Bernstein et al 12 . reported changes in summary scores at 72 weeks relative to the baseline for responders (2.2 for physical health and 2 for mental health). A recent study, analysis of 3425 subjects from clinical trials, also reported (normalized) percent changes between about 3 and 5 for these two summary scores depending upon treatment regimens 14 . However, as we suggested earlier, we cannot compare the estimated effects across the studies or interpret the size of the treatment effect considering the use of different scales.
The differences in HRQoL between the baseline and post treatment compared to the other studies might be partly explained by the differences in population characteristics. Our population had different demographics as compared to the other two large studies where most of the population was Caucasians. Our study population included 52% Caucasians and 45% African-Americans. Additionally, our population had much lower physical health scores at baseline relative to the average US population when compared to the registration trials where physical scores were almost similar to the average US population (14; see supplementary Table 1 ). It might be one of the strongest explanations of our results as most of our patients who came for treatment were not young and in a compromised health (with an average number of comorbidities of three, see Table 1 ). Thus, a cure improved (slightly) only a mental component (vitality) but not a physical component.
In our study, the strongest negative predictors of quality of life in most of the domains were presence of hypertension, high BMI, pulmonary comorbidities, and a high number of comorbidities, low hemoglobin, and public health insurance. Our findings suggest that multiple comorbidities seen in hepatitis C population may determine the quality of life, and hepatitis C cure may play only a smaller role in a patient-reported outcome than previously reported.
Unlike the combined data from clinical trials, our study has a smaller sample size. Our sample size, however, was adequate to detect clinically meaningful differences. For example, for the moderate effect size (i.e., a 10-point difference), which might be more clinically meaningful Fig. 2 The average values for SF-36 domains and composite scores for the study population and the US population norms . compared to a small effect size (e.g., a 4-point difference) it requires from 27 to 92 samples depending upon a domain, and it requires from 8 to 24 samples depending upon a domain to detect a large effect size (i.e., 15-point difference and above) when comparing two populations 20 . We have also verified if our results might have been influenced by missing data at a follow-up. The patients that did not fill out SF_36 at ≥3 months follow-up was comparable in terms of the physical and mental component at a baseline with the patients who filled out the survey, because the differences between the two groups were small and insignificant using t-tests. Thus, we did not expect that these data at follow-up were missing not at random. Additionally, we used a sensitivity analysis, and it did not reveal considerable differences between the reported results either.
The strength of our study is that we evaluated the relationship between the HRQoL and patient characteristics, which has been rarely addressed but is of a high importance particularly because our hepatitis C population was already in a relatively poor health at the baseline. We have also recommended a use of the standardized difference, which might help interpretation of the results to distinguish between a statistical significance and a meaningful clinical importance, particularly because there are no definitive conclusions in the literature regarding a minimal clinically important difference in SF-36 for hepatitis C patients.
We conclude that our study demonstrated that the studied hepatitis C population has a poorer physical health and an average mental health in all eight domains relative to the US population norm. Considering that the study showed a relatively low improvement in mental health domains and insignificant improvement in physical health domains as a response to a hepatitis C cure using patient-reported outcomes, we emphasize an importance of identifying and improving comorbidities at a baseline as a way of reducing health burden on patients with hepatitis C, especially because several of them including hypertension, BMI, and diabetes might be controlled using preventive and therapeutic measures.
We also would like to be cautious about extending our results to a wider HCV population because our study population was already aged with multiple comorbidities at the baseline. Since HCV may cause or worsen metabolic or cardiovascular complications, it is possible that early treatment may have a better impact on long-term quality of life [1] [2] [3] [4] [5] [6] [7] . Additional studies should investigate a patient-reported health outcome based on the duration of HCV infection as several studies had demonstrated that treatment reduced the incidence of cardiovascular events, hospital visits, and other health-related issues. Also, there are several studies that pooled a large number of HCV patients, and it would be useful if they could transform their treatment effects into effects that might be better related to a clinical significance and improve interpretability of the results (e.g., in terms of the effect size or odds ratios). That way we will be able to further verify, with a higher precision, the treatment effects on the patient-reported health outcome.
Study Highlights
WHAT IS KNOWN
• Quality of life (HRQoL) is considered to be poor in those with HCV and it is thought to be related to HCV infection.
• Multiple comorbidiites are common in those with HCV infection, but the strength of the association of HRQoLs with the patient's baseline comorbidities has not been adequately explored.
WHAT IS NEW HERE
• Baseline comorbidities in HCV patients predict their pre-treatment HRQoL.
• The strongest predictor of post-treatment HRQoL is their baseline HRQoL suggesting that the main determinants of HRQoL in patients with hepatitis C are baseline comorbidities.
